On the Relation betw een Experim entally
Comparison of experimental levels with the dis tances between eigenvalues in realistic single p a r ticle potentials shows the latter to be usually some what larger. Especially in nonlocal potentials 1 the spacings are wider by a factor of about 1.5. As a m atter of fact, one was forced in the last few years by other experimental evidence2> 3 to increase the potential depths while the radius constants were decreased from about 1.4 to 1.2 fm.
The purpose of this note is to sketch some pos sible reasons with which deviations of order 1 MeV 1 H . M e l d n e r , G. S ü s s m a n n , and W . U l r i c i , Z. Naturforschg. 20 a, 1217 [1965]. Fig. 2 , where the lead 209 levels of a nonlocal calculation 1 are ap proximately corrected for two-body residual inter actions due to (1 ). Contrary to the ratio, the ab solute shifts of the levels are not strongly dependent upon the choice of the chemical potential. Thus, for simplicity, it was taken to be equal to the energy of the g 9 /2 level. A F e r m i surface parameter A between 0.6 and 0.9 gives satisfactory agreement with experiments. Comparison with even-odd mass differences Pn(N,Z) from which according to N il s so n and P r io r 6 the best available information on the A param eters is expected, leads to values be tween 0.5 and 1.2 MeV in the P b209 region. Theory also predicts non-zero matrix elements in the region of closed shells, since the FBCS method 7 gives even for a weak residual force strength an appreciable configurational adm ixture 8. Another reason for deviations may be the in fluence of some rearrangem ent. Using the notation of B r o w n 5 and abbreviating
Ti= (i\T\i), V ji = (ji\V\ji) -{ji\V\ij)9
one has for energy differences measured in strip ping reactions: The primes meaning that such m atrix elements are calculated with single particle functions of the re arranged selfconsistent potential where one particle is in the state A' =t= A. This is expected to lower the quasiparticle energies compared to the eigen value differences for a constant potential. That cor rection of order A~1 will probably go in the same direction in each m atrix element and therefore the summation may lead to an appreciable effect. Calcalculations of r 2 from 2 , \ ip j2 while putting the last particle in a level that was not occupied in the ground state, gave mean square radii which some times were increased by about one percent. Hence one should consider the influence of very slight fluc tuations of the nuclear density, especially near closed shells. This may be justified to some extent also in analogy to the periodic system of elements where large fluctuations of the atomic radii occur at closed shells. In Fig. 3 some lead isotopes are considered for a quantitative example. Since the eigenvalues are very sensitive to variations of r0 while the other param eters are kept fixed, a one half percent deviation of the selfconsistent radius from the R = r 0 Ä ! % line gives a rem arkable (1 MeV) effect. An assumed density dependence near the neutron num ber 126 as given in the upper curve in Fig. 3 leads to a smoothed dependence of the last filled level on the particle numbers as is shown in the lower part of that figure. Here a constant poten tial depth U was assumed, since a reasonable SU for a simultaneous r 0 variation gives only a smaller correction. After all, the rearrangem ent is expected to be of order 1 MeV. Hence it would be question- able to draw quantitative conclusions on potential depths or nonlocalities from a comparison with single particle excitation energies which are about 1 to 3 MeV.
In conclusion, one should keep in mind that only rather sophisticated investigations of residual effects can enable a satisfactory quantitative comparison of the experimental levels near the F e r m i surface with single particle energy differences. Such investiga tions, however, are reasonably done with eigenfunc tions of nonlocal single particle potentials that give account of the data also at energies further removed from the F e r m i level. 
